Investigation of lipophilic exudates from the aerial parts of Balsamorhiza sagittata and B. macrophylla afforded three new highly oxygenated guaianolides (1-3), in addition to known guaianolides, germacranolide and eudesmane acids. Their chemical structures were elucidated by spectroscopic methods and the data for the compounds are reported in Tables 1 and 2 and in Experimental.
The genus Balsamorhiza has been placed in different subtribes of the large tribe Heliantheae within the Astercease. [1] [2] [3] Balsamorhiza sagittata [PURSCH] NUTTALL is commonly known as arrowleaf balsamroot. Flavonoids, 4) guaianolides, heliangolides, diterpenes, cycloartenol derivatives 5) and antibacterial thiophene 6) have been reported from this species. Six known methylated flavonols were isolated from the leaf of cut leaf balsamroot, B. macrophylla. 7) Further fractionation of the extract of aerial parts of Balsamorhiza sagittata and Balsamorhiza macrophylla resulted in the isolation of three new guaianolide type sesquiterpenes, in addition to several known compounds. Here we report their structural elucidation.
Separation of the terpenoid portion of the resinous exudate of B. sagittata [PURSCH] NUTT. on a silica gel open column yielded three new guaianolides, 2-deoxo-5-deoxy-8-Oacetyl-17,18 epoxy pumilin (1), 2-deoxo-8-O-acetyl pumilin (2) and methyl-9b-(epoxyangeloyloxy)-5a,6a-dihydroxy-2-oxo-3,4-dehydro-d-guaien-12-oate (3), in addition to the known compounds 17,18-epoxy-8-O-acetyl pumilin (4), 5) 8-O-acetyl pumilin (5), 8) and 9b-acetoxy-3-epi-nobiliun (6). 5) Investigation of the exudate terpenoids of B. macrophylla afforded three known eudesmanic acids, 3-oxo-eremophila-9,11(13)dien-12-carboxylic (7), 9) 3-oxo eremophila-4,11(13) dien-12-oic (8) 10 ) and 10-hydroxy-3-oxoeremophila-1,11(13) dien-12-oic acids (9). 9) ESI-ICR mass spectrum of compound 1 exhibited a molecular ion peak [MϩNa] ϩ at m/z 425 and exact mass at m/z 425.1567, establishing the elemental composition as [C 22 (Tables 1, 2 ). The stereochemistry of 1 was determined from the observed coupling constants and NOE. The relative stereochemistry at C-5, C-6, C-7, C-8 and C-9 were derived from the coupling constants (J 5,6 ϭJ 6,7 ϭJ 7,8 ϭJ 8,9 ϭ10.5 Hz), which were in agreement with the anti-diaxial disposition of the protons at C-5 (a), C-6 (b), C-7 (a), C-8 (b) and C-9 (a). Clear NOE were observed between H-6 and H-8 indicating the b-orientation of these protons. Irradiation of the signal at d 3.46 (H-5) enhanced signals at d 3.33 (H-7) and H-9 at d 5.53, which suggested the a-orientation of H-5, H-7 and H-9. Therefore, compound (1) was identified as 2-deoxo-5-deoxy-8-O-acetyl-17,18 epoxy pumilin.
The ESI-ICR-MS of 2 gave a molecular ion peak [MϩNa] ϩ at m/z 425 and exact mass determination at m/z 425.1560, which established the elemental composition as C 22 (Tables 1, 2 ). The stereochemistry was proved by the coupling constants. The a-orientation of the hydroxyl group at C-5 was suggested from the downfield shift of H-7a and H-9a, compared with the signals of H-7 and H-9 in compound 1.
5,11) Therefore, compound 2 was identified as 2-deoxo-8-O-acetyl pumilin.
The EI-MS of compound 3 exhibited a molecular ion peak [M] ϩ at m/z 464 and exact mass at m/z 464.1683, which established the elemental composition as C 23 H 28 O 10 . Compound 3 had NMR spectral data similar to compound 4 (Tables 1, 2). However, the 1 H-NMR spectrum revealed the presence of two broad singlet signals at d 5.80 and 6.40. The absence of a correlation between these two signals and H-7 in The stereochemistry of compound 3 was proved by coupling constants and NOESY spectrum. The anti-orientation of H-6 and H-7 was deduced from the coupling constant (Jϭ11.0 Hz). The NOESY spectrum indicated clear effects between H-7 with H-9 and H-6 with H-8. Moreover, the a-orientation of the hydroxyl group at C-5 was deduced from the downfield shift of the signals H-7a and H-9a. 5, 11) Therefore, compound 3 was established to be methyl-9b-(epoxyangeloyloxy)-5a,6a-dihydroxy-2- Repeated chromatography of the terpenoid portion of the leaf resin of Balsamorhiza macrophylla on silica gel afforded three known eudesmanic acids 7, 9) 8 10) and 9.
9) The relative stereochemistry of compound 8 was determined by X-ray crystallographic analysis (Fig. 2) . The methyl ester of compound 9 was reported by Zdero et al. to be a methyl ester derivative 9) and this is the first report of 9 being a as free acid from natural source. The EI-MS spectrum of compound 9 exhibited a molecular ion peak [MϪH 2 O] ϩ at m/z 246, which indicated the molecular formula C 15 H 20 O 4 for 9. The 1 H-NMR spectrum (Table 1) Vol. 54, No. 2 The unpublished 13 C-NMR of compounds 7 and 9 are listed in Table 2 .
In conclusion, the chemical investigation of the surface resin of the terpenoids of B. sagittata afforded guaianolides and heliangolides as its main constituents, while, B. macrophylla gave eudesmanes. The terpenoid constituents of both species appear to be consistent with the differences in the flavonoid constituents (unpublished data, Wollenweber), therefore, further species have to be investigated.
Experimental
General Experimental Procedures NMR spectra were measured with a Bruker AMX-400 ( 1 H-NMR: 400 MHz, 13 C-NMR: 100 MHz) spectrometer and a Varian Unity 600 MHz NMR spectrometer Extraction and Isolation Dry aerial parts of Balsamorhiza sagittata and B. macrophylla, respectively, were briefly rinsed with acetone to dissolve the resinous exudated material. The exudates of the four B. sagittata collections from British Columbia were combined since they exhibited identical terpenoid and flavonoid patterns. The solutions were evaporated to dryness, redissolved in a small volume of hot MeOH, cooled to Ϫ10°C, and the precipitating material was eliminated by centrifugation. The defatted solutions were passed over Sephadex LH-20 (Pharmacia) and eluted with MeOH to separate the flavonoids from the more aboundant terpenoids.
The terpenoid portion of B. sagittata and B. macrophylla was fractionated by flash column chromatography [5ϫ55 cm] over silica gel [1 kg] eluting with hexane with an increasing amount of CH 2 Cl 2 . The first fraction (100%, hexane 1 l) of both species contained hydrocarbons and waxes. B. sagittata, the second fraction (hexane-CH 2 Cl 2 , 3 : 1, 2 l) gave a crude material which was purified by Sephadex LH-20 (3ϫ35 cm, hexane-CH 2 Cl 2 -MeOH 7 : 4 : 0.5, 300 ml) to give compounds 1 (7 mg) and 5 (1.5 mg). The third fraction (CH 2 Cl 2 , 100%) was further purified by Sephadex LH-20 (3ϫ35 cm, hexane-CH 2 Cl 2 -MeOH 7 : 4 : 1, 500 ml) to afford the compounds 2 (5.3 mg), 3 (2.2 mg), 4 (6.5 mg) and 6 (14.5 mg). B. macrophylla, the second fraction (hexane-CH 2 Cl 2 , 3 : 1, 2 l) was purified by a Sephadex column to give compounds 7 (35 mg), 8 (47 mg), 9 (7 mg). 9b-Acetoxy-3-epi-nobiliun (6) 3 , F(000)ϭ536, GOFϭ1.047. The reflection data were collected on a Siemens P4 diffractometer operating in the w scan mode, using graphite monochromated CuKa radiation (lϭ1.54056 Å). The structures were solved by direct methods using Bruker SHELEX-97 (Sheldrick, 1997) and refined by full matrix least squares on F 2 using Bruker SHELXL-97 (Sheldrick, 1997).
12) The final R and R W were 0.327 and 0.879, respectively. Crystallographic data for the structural analysis have been deposited with the Cambridge Crystallographic Data Center and allocated the deposition number CCDC 182352. These data can be obtained free of charge via www.ccdc. Cam.ac.uk/cants/retrieving html/or from the CCDC, 12 union Road, Cambridge CB2 1 EZ, U.K.; Fax: ϩ44-1223-336033; email: deposit@ccdc.cam.ac.uk).
